Abstract. This paper aimed at summarizing the knowledge of the relationship between Lean and work related musculoskeletal disorders (WMSD), and WMSD risk factors, in manufacturing companies. Literature search processes identified 23 publications studying this, in scientific journals. Eight included measurements of WMSD; three were mostly negative, two showed mixed results, one showed no results and two were mostly positive. Eighteen publications included measurements of WMSD risk factors; seven showed mostly negative results, eight snowed mixed results, two showed mostly positive results and one was inconclusive. Three literature reviews were identified, which studied this question; two were mostly negative, while the third was inconclusive. Also, 12 publications of grey literature studying Lean and WMSD risk factors in Swedish organizations were identified; nine showed mixed results, two showed mostly positive results and one showed mostly negative results. Due to the varying quality and study design of the publications, together with the few identified studies, it is difficult to compare them. The context and the implementation also likely affect the results. The general conclusion was that a Lean implementation may increase the risk of WMSD and risk factors for WMSD, if it is not accompanied with an ergonomic intervention.
Introduction
Lean Production is currently the dominating rationalization concept in the manufacturing industry in Sweden [1] [2] . Due to the fast spread of Lean, it is important to study the effects of Lean on work related musculoskeletal disorders (WMSD) and potential risk factors for WMSD, especially since assembly workers in general has a high risk of developing WMSD.
The Swedish context is of special interest for this study, due to the socio-technical tradition that has been influential in the Scandinavian countries, together with a strong union presence and legislation regarding work conditions [2] . These factors likely affect how Swedish companies work with Lean and how the concept affects the employees[3].
Aim of the study
The aim of the study was to create an overview of the scientific knowledge concerning the relationship between Lean Production (and similar production system designs) and WMSD/risk factors for WMSD. The focus was on manufacturing companies.
A separate search was also made, with the aim of studying how Swedish organizations' work with Lean affects employees.
Method
Literature searches were performed in Ergonomics Abstract, Pubmed and Business Source Elite 1 . The identified publications references lists were used to find more publications. The search was limited to English and Swedish publications, published after 1980. Conceptual and theoretical papers have been excluded. Studies from non-manufacturing contexts or studies which only focused on specific Lean tools were excluded from the results. Also, studies of Total Quality Management/TQM were excluded, since TQM and Lean are significantly different [6] . However, studies of the Toyota Production System/TPS, Just in Time-philosophy and JiT-manufacturing were included in the results, due to the similarities between TPS and Lean, and since JiT was determined to be an often reoccurring part of Lean.
No excluding definition of Lean has been used during the search process, due to the lack of a unifying definition of the concept. Neither has any means of measuring level of Lean implementation been used, for the same reasons. In order to determine which risk factors that affect mechanical exposure, and consequently, increases the risk for WMSD, Westgaard and Winkel's definition was used [7] .
No quality measurement model has been use to assess and rank the identified publications in the search, depending on such factors as study design, etc.
During the search, three literature reviews[7-9] were also identified, which studied directly or indirectly the relationship between Lean and employee effects. Other researchers have also contributed with publications of significance for this overview, which were not identified by the search engines or included in the reference lists of the identified publications.
Since no publications in scientific journals were detected, which studied the relationship between WMSD and Lean in the Swedish manufacturing in- 1 Used search words are available on request. dustry, the choice was made to expand the search to grey literature (conference publications, consultant and union reports, student thesis and dissertations, etc.). This decision was based on Eklund et al. 's[10] argumentation to use the best knowledge available.
Results
The search process resulted in 23 publications in scientific journals (not including the publications describing Swedish organizations work with Lean). These are presented in table 1. The few identified papers, together with the differences between the studies, meant that no meta-analysis was possible. The included studies were of varying quality and the Lean interventions were seldom described in detail, making comparisons difficult.
Of the identified publications, eight included measurements regarding WMSD; three showed mostly negative results, two showed mixed results, one showed positive results and two showed no differences between Lean and non-Lean companies. 18 of the found publications studied relevant risk factors for WMSD. Of these, seven showed mostly negative results, eight showed mixed results, two showed positive results and one showed inconclusive results.
Three literature reviews were identified, which studied the relationship between Lean and employee effects [7] [8] [9] . Two of these showed mostly negative views of Lean's effects on employee, while one gave an inconclusive view.
The search for publications describing the relationship between Lean and employee effects in Swedish companies resulted in 12 publications (mostly grey literature). Of these, nine showed mixed results, two showed mostly positive results and one showed mostly negative results. Only one publication contained measurements of WMSD frequencies, comparing Lean to non-Lean companies; it showed an increased risk for WMSD in Lean companies, especially for women. However, one of the found publications contained results from non-manufacturing organizations.
When comparing included positive and negative employee results in the Swedish and non-Swedish publications, the ratio between them in the Swedish studies were more even; in the non-Swedish studies, the negative results were more common.
Discussion
Given the small number of studies, together with their varying quality and study design, and often insufficient descriptions of the Lean interventions, there is not enough basis to make decisive conclusions regarding the connection between Lean and WMSD. However, tentative conclusions were made regarding emerging tendencies in the found publications.
The results shows a tendency for increasing the risk of WMSD, when Lean is implemented, especially if the implementation is not accompanied by an ergonomic intervention program, focused on addressing issues such as reducing monotony and repetitiveness of work.
When it comes to risk factors for WMSD, the results shows that Lean appears to have a tendency to lead to increased work pace, workload, work intensification and stress. However, Lean often, though not always, seem to create positive effects for the employees as well. Consequently, this seems to be in line with Berggren's[11] conclusion, that Lean means worker smarter and harder, not just smarter.
The results from the publications describing employee effects from Swedish companies also shows mixed results, though with a majority of positive effects, at least concerning risk factors for WMSD. However, the grey nature of the studies, together with the low number of publications, means that conclusions from them should be tentative, at best. There is little direct information concerning WMSD, meaning that no conclusions are merited from the publications.
The tendency towards more positive results from Lean, could possibly be explained by the Swedish socio-technical context[3] and a high level of employee participation in the companies' Lean implementations. Also, Saurin and Ferreira's[12] argumentation, that a Lean system which is not fully in place allows for more worker autonomy, which could reduce some of the negative aspects of the Lean, could apply here. The reason is because many of the studied Swedish companies have only implemented some aspects of Lean.
Lastly, we need to keep in mind, as Hasle et al. [8] and Landsbergis et al. 's[9] argue, the importance of how the implementation and context affects the employee results from Lean. Consequently, it is difficult to assess how much of the results that are caused by these factors. Based on this, we argue that it is important to monitor the Lean implementation effects on the employees, in order to reduce problems and capture positive effects.
Conclusions
While Lean can lead to both positive and negative effects for employees, there is insufficient amount of studies, and they are of varying quality and study design, to make decisive conclusions. Nevertheless, negative results are more frequently reported in the non-Swedish studies, when compared to the grey literature describing studies in Swedish organizations. Thus, it is merited to tentatively conclude that without active ergonomic interventions, the introduction of Lean in a manufacturing setting can create an increased risk for work-related musculoskeletal disorders, though the risk of this in Swedish companies might be lower. However, future research is needed to better understand the relationship between Lean Production and WMSD, both in Swedish and nonSwedish organizations.
Limitations
The result of the literature searches does not pretense to be covering all existing publications of Lean and WMSD, especially not psychological risk factors. Hampson, I., Lean Production and the Toyota Production System Or, Table 1 Identified studies describing found relationship between Lean and WMSD, and between Lean and risk factors for WMSD. (+) = high, increasing; (+?) = weak positive connection; (-) = decreasing, low; (-?) = weak negative connection; (+/-) = both increasing and decreasing; (0) = no effect/no connection. The studies are presented in chronological order, starting with the most recent ones. Author, year, industry, study design, studied change Reversed u-shaped connection between stress and level of Lean implementation: low level of Lean, increased stress, while reduced stress at high level of implementation of Lean(+/-) The stress is increased by work intensification, overtime, doing the work for personnel missing for sick leave, lack of tools, ergonomic difficulties and shame for defect products; stress was reduced through participation, teamwork and support in the work situation.
Mehri 2005[16]
Car manufacturing, Japan, former employee of studied company. 75 interviews. Automotive manufacturer, UK. 368 questionnaires, 3 years after Lean was implemented. Control group used. Introduced Lean tools: assembly lines, Leanteams, process development teams, standardization, reduced inventories, "pull-production", manufacturability. The assemblers in the assembly line were not included in the Lean teams.
Work related depression increased with assembly lines and standardization (+) Reduced confidence to own ability to perform a broader role, such as making suggestions for improvements (-) Worker involvement in the workplace was reduced (-) Participation was unchanged for those participating in Lean-teams (0), while it increased for the employees in the technical support group (+) No changes in workload or work related worry for lean team (0); increased for assembly lines (+). Reduced participation in the work process and usage of skills, and reduced autonomy, were contributing factors for negative effects from Lean.
Andersen-Connolly et al. 2002[22]
Manufacturing, USA. Longitudinal questionnaire study (1997 & 1999) , 1244 questionnaires. Studying effects from restructuring, outsourcing, reduced inventories, simplified processes & cross-functional teams.
Employees:
Reduced health related to work intensity, competence and teamwork (-). Improved health related to autonomy (+) Management: Reduced health related to work intensity and autonomy (-). Improved health related to teamwork and work skill (+).
Bruno & Jordan 2002[23]
Car manufacturing (Chrysler), USA. Longitudinal study (1989 & 1997) . Lean tools implemented: quality circles, teamwork, kaizen and andon.
The perceived work environment and job satisfaction was reduced (-) Most of the employees felt that quality circles & teamwork gave very little (0). However, difficult to assess if the changes are caused by Lean or other factors, such as distrust of the management or failed expectations on the work. 
Leclerc et al. 1998[27]
Odds ratio 2,24 Perceived work load higher, and the perceived increase was higher, when comparing the Lean companies to the traditional companies (+) Perceived work load and uncomfortable working postures was lower in companies initiating Lean compared to traditional companies; the perceived increase in work load was also lower (-) Uncomfortable work postures, fatigue after work and tension during work was similar in Lean & traditional companies (0); however, the perceived increase of fatigue after work and tension during work was higher in the Lean company No changes in worker autonomy, though in one company, the autonomy increased since workers could see the production planning one month ahead, instead of only 1-2 weeks (0) Physical work load unchanged (0) The general conclusion was that those jobs who had the best working conditions from the start perceived some improvements (+), while it was unchanged in the jobs with repetitive and unqualified jobs (0). The results and basis for the conclusions were not clearly presented in the paper. Perceived work demands increased (+) Perceived work control decreased (-) A high proportion of the respondents believed that they would be injured/worn out before pension, with the current work intensity (+) Table 2 Identified studies describing the relationship between Lean and risk factors for WMSD in Swedish companies. (+) = high, increasing; (+?) = weak positive connection; (-) = decreasing, low; (-?) = weak negative connection; (+/-) = both increasing and decreasing; (0) = no effect/no connection. The studies are presented in chronological order, starting with the most recent ones. Author, year, type of publication, study design, studied change 
